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Title: Manufacture of a microsieve, microsieve, and apparatus 
comprising a microsieve 

The invention relates to a method for manufacturing microsieves, to a 
microsieve and to a filtering apparatus provided with such a microsieve. 

Microsieves contain pores of very small dimensions, with which, for 
instance, cells such as bacteria can be selectively filtered from a liquid while 
5 the liquid flows through the pores. 

PCT patent application W095 13860 describes a microsieve and a 
number of methods of manufacturing it. The microsieves described therein 
are distinguished from earlier microsieves in that they are extremely flat 
and thin, which is realized, for instance, by manufacturing the microsieve 
10 membrane using techniques known from microelectronics whereby the 
membrane is made on a silicon surface and subsequently pores are 
photolithographically etched in it. 

The thickness of the so realized membrane is, for instance, only one 
micrometer. To safeguard such a membrane from breaking or tearing, the 
15 membrane is supported by a macrostructure of considerably greater 

thickness containing apertures in which a large number of the pores in the 
membrane terminate. 

In use, a liquid with particles to be sieved out is passed in a cross-flow 
stream over the upstream surface of the membrane, while sieved liquid is 
20 drained from the downstream side, (upstream surfaces and downstream 

surfaces of the membrane here denote upstream and downstream in respect 
of the sieved liquid, not the cross-flow: the cross-flow as a whole flows on the 
upstream side). Thus, a part of the liquid disappears through the pores after 
being sieved, while particles which cannot pass through the pores in turn 
25 are removed along with the unsieved liquid by the flow on the upstream side 
of the membrane. 
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In practice, the efficiency of such a process proves to suffer strongly from 
clogging of the pores in the membrane. In itself, one would expect material 
that clogs the pores to be largely removed along with the flow. However, this 
has been found to work inadequately to prevent clogging. WO9513860 
5 provides a solution to this problem by regularly initiating a counterflow 
from the normal downstream side of the membrane to the upstream side. 
This flow is to entrain particles that clog pores. This is promoted by making 
use of a cross section of pores that tapers in the downstream direction, so 
that fouling which has adhered in the pores can be dislodged upon reversal 

10 of the flow direction. However, the flow reversal has insufficient effect on 
the particles that have adhered to the upstream side of the membrane, so 
that also more rigorous clean-up steps remain necessary. The flow reversals 
moreover lower the yield of the microsieves per unit time. The more often 
such and other clean-up actions are necessary, the less time the microsieve 

15 can be used for filtering. 

It is one object of the invention to provide a microsieve in which 
measures have been taken to be able to reduce the frequency with which the 
microsieve needs to be cleaned. 
20 It is another object of the invention to provide a microsieve in which 

measures have been taken to be able to simplify the cleaning of the 
microsieve. 

Claim 1 describes a method for manufacturing a microsieve according to 
the invention. In it, a predetermined pattern of variations in the height of 
25 the upstream surface of the membrane is provided, so that the height within 
a short distance from the pores varies. 

The underlying idea is that clogging of the pores becomes particularly 
persistent in that the particles that clog the pores are rather large, so that, 
besides adhering to the edge of the pore, they also adhere to the upstream 
30 surface of the membrane in a large vicinity of the pore. Also, while a particle 
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that gets stuck in a pore, such as e.g. a protein, may be initially small, the 
stuck particle will yet grow in that other particles adhere to it. Suspectedly, 
in this way a larger particle is formed which adheres to the surface of the 
membrane over an area around the pore, which makes removal more 
difficult. 

By purposely providing height variations in the membrane within the 
vicinity of pores, with inclinations and/or in a pattern, so that the adhered 
particle cannot follow the surface everywhere, adhesion to the surface is 
reduced, so that expectedly particles will be entrained more easily with a 
flow along the upstream surface. Also the chance of growth into larger 
particles can be lower, in that particles will be entrained more often before 
they grow out into more strongly adhering larger particles. Thus, a 
counter flow or additional cleaning to clean the microsieve is less often 
necessary. Also, when cleaning by flow reversal, it will be easier for the 
particles to be carried off, in that the adhesion to the upstream surface is 
less because the particles grow out less and/or have less engagement 
surface. 

It will be clear that reduction of the adhesion already has an increasing 
effect on the efficiency if height variations are not provided at all pores but 
only at a part of the pores, in that a larger amount of liquid can be filtered 
for a longer time. It is desirable, but not strictly necessary, that this be done 
at all pores. If the height around at least the majority (50%) varies, this 
already gives a considerable effect. Preferably, height variations are 
provided at a larger proportion of the pores, for instance at least at 80 or at 
least at 90 percent. 

Preferably, several variations in the height are provided within a short 
distance from each pore in the majority. The closer to each pore, the better, 
and the more the better, but already in the case of height variations at a 
distance of ten pore sizes from each pore, an effect is expected. ('size 1 in the 
case of a round pore refers to the diameter and in the case of differently 
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shaped pores refers to the length of the shortest line section through the 
center of the pore between two opposite walls). Preferably, the distance for 
each pore is smaller, for instance six pore sizes or even two pore sizes from 
the pore where the height variation is situated. 
5 Preferably, the amplitude (the difference between the maximum and 

minimum height) of the height variations is at least as great as one pore 
size of the nearby pore. This is also a measure for the parts of the particles 
that are expected to adhere to the surface due to the pores. But also in the 
case of lesser amplitudes applied, for instance one-third pore size, already 

10 an effect is expected, especially if the height variations are situated at 
shorter distances from each other. 

When the height variations are provided at a short distance from each 
other, what is preferably avoided is that several height variations of more 
than one pore size are situated within twice a pore distance from each other, 

15 so as to prevent the possibility of particles slightly greater than the pore size 
"jamming" between different height variations. Preferably, in this case, 
height variations of this amplitude are avoided altogether, but jamming is 
already being prevented if not more than one height variation has a greater 
amplitude. 

20 Naturally, the new height variations do not involve the supporting 

structure of the membrane, which is generally not situated so close to most 
pores and moreover is mostly situated on the downstream surface of the 
membrane. 

For providing the predetermined pattern of height variations in the 
25 membrane, preferably use is made of photolithographic techniques with 
which the locations are defined where the height variations are selectively 
provided, for instance by growing or etching. 

Thus, the membrane can for instance be grown on a silicon substrate 
after in that substrate silicon has been etched away in areas defined by a 
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mask. Thus, a non-planar membrane layer is formed, in which later the 
pores can be etched. 

In another embodiment, the height variations can be realized by 
providing variations in the thickness of the membrane itself, for instance by 
5 photolithographically defining areas in which subsequently a part of the 
thickness of the membrane, and/or a layer which has been provided on the 
membrane, is etched away. In this case, the pores can be provided by 
etching before or after the height variations have been provided. 

The pattern of height variations does not need to be in the same spatial 

10 relation relative to the pores throughout, as long as in the vicinity of most 
pores some unevenness is provided. In one embodiment, however, the 
pattern of height variations can also be provided in a fixed spatial relation 
relative to the pores. In photolithography, this can be ensured, for instance, 
by conventional aligning techniques for masks. Thus, for instance, in each 

15 case, a pore can be situated at a top of the height variations, or, conversely, 
in each case in a valley, to make growing more difficult. The desired pattern 
depends on the kind of particles. Thus, the pores can for instance be placed 
on the tops of the elevations if a substance to be filtered is susceptible of 
progressive growth of the filtered particles. For other substances, where the 

20 particles are already comparatively large before they contact the membrane, 
the pores can be provided between elevations to reduce the chance of 
adhesion and clogging. 

The invention finds application in particular for removing material 
from a liquid, in that the liquid flows through the pores, with sieved 

25 material remaining behind. However, the invention is also applicable in 
emulsification applications, in which material is added to a cross-flow by 
passing it through the pores. Thus, for instance, larger particles with 
diameters having a limited distribution are added to the cross-flow. In this 
case, the flow direction through the pores is reversed compared with the 

30 flow direction in the application where material is removed. In addition to or 
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instead of liquids, gases can be used which, together with liquids, will be 
designated by the term fluid. 



These and other objectives and advantageous aspects of the invention 
5 will be described in a non-limitative manner with reference to the following 
figures: 



Figs, la-d show different membranes in partial cross section 
Fig. 2 shows a filter plate in partial cross section 
10 Fig. 3 shows a side elevation of a filter assembly 

Fig. 4 shows a filtering apparatus 
Fig. 5 shows a division into membrane surfaces 
Fig. 6 shows a filter plate 

Fig. 7 shows an embodiment of a clamping plate construction 
15 Fig. 8 shows an example of a clamping plate 

Fig. 9 shows a detail of a supply opening 

Figs, la-d show in cross section different embodiments of a microsieve 
membrane 10, with pores 12 and elevations 14. The upstream surface of 

20 membrane 10 in each figure corresponds to the upper side of the figure. 

Because of the fact that the membrane is shown in cross section, it seems as 
if the different parts of the membrane are hanging on different sides of a 
pore, but naturally this is merely so in appearance since the membrane is 
connected in front of and behind the pore, which has for instance a circular 

25 or angular cross section. 

It is to be understood that these figures only show a very small part of 
the membrane. By way of example, pores 12 have a size that is smaller than 
the smallest diameter of membrane 10. All pores 12 have virtually the same 
size, and are extremely small having for instance a size from a range of 0.2 
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to 2 micrometers, while the thickness of the thinnest portions of membrane 
10 has a value which is for instance between 0.2 and 2 micrometers. 

In Figs, la and lc, membrane 10 has a substantially uniform thickness, 
and elevations 14 are formed in that the membrane is not disposed in one 
5 plane. In Figs, lb and Id, the downstream surface 16 of the membrane is 
disposed in one plane, but elevations 14 have been formed by local 
thickening of membrane 10. 

In Figs, la, lb and Id, pores 12 are situated in the valleys between 
elevations 14, but this is not requisite. As shown in Fig. lc, a part of the 

10 pores 12 may also be situated on elevations 14. Without deviating from the 
invention, even all pores may be situated on elevations 14. In principle, 
however, the pattern of the elevations and the pattern of pores can be 
uncorrelated. The invention is not even limited to a regular pattern of pores 
and/or elevations (i.e. to periodic patterns). 

15 What is essential is only that in the vicinity of the majority of the 

pores, unevenness is provided, for instance at a distance from a pore of at 
least upwards of one pore size to a number of times the size of the pore, for 
instance up to at least twice the pore size. One unevenness, of course, may 
be situated in the vicinity of different pores at the same time. 

20 Further, it is to be understood that different details of the figures, such 

as the proportions between membrane thickness and pore size, the distance 
between the pores, and the number of pores between successive slopes of 
elevations 14, have been chosen only by way of example. 

The membrane 10 of Fig. la and Fig. lc is for instance manufactured 

25 by starting from a substrate in which the pattern of elevations 14 is 
provided photohthographically. In that case, for instance, first a 
photosensitive layer is applied to the surface of the substrate, e.g. a 
monocrystalline silicon wafer. Next, this layer is exposed through a mask 
which defines the positions of the elevations. The exposed parts of the 

30 photosensitive layer are thereupon removed, whereafter the substrate is 
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etched down to approximately the intended depth of the valleys in the 
membrane at the locations where the photosensitive layer has been 
removed. Next, the rest of the photosensitive layer is removed, after which, 
in a manner known per se, a membrane layer of a particular thickness is 
5 deposited on the substrate, the pores are formed by photohthographically 
etching this layer, and the substrate is etched away at least for a part under 
the membrane, so that a membrane 10 with elevations 14 and pores 
remains. 

The membrane 10 of Figs, lb and Id can be manufactured, for instance, 

10 by first growing an extra layer onto a membrane layer, subsequently 

(a) photohthographically defining the positions of the pores, etching the 
pores through both layers, and (b) photohthographically defining the 
positions between elevations, and etching away the material of the second 
layer at these positions. Here, the steps (a) and (b) can be applied in either 

15 sequential order. 

An alternative manufacturing technique is, for instance, to deposit a 
first part of a membrane layer of a particular thickness over the entire 
surface of the substrate (for instance of the same material as the membrane, 
or of other material that is suitable to grow on the membrane), and 

20 subsequently, photohthographically, selectively covering the intended thin 
areas on the membrane layer, after which more membrane material is 
deposited in the exposed areas to make elevations 14. This in turn is 
followed by the procedure, known per se, of photohthographically making 
pores 12 and etching away the substrate. 

25 Fig. 2 shows in cross section a part of a filter plate 30, of which 

membrane 10 forms a part. The scale is such that the pores and the 
elevations are not visible. Situated under the downstream surface of 
membrane 10 are supporting structures 32, which consist, for instance, of 
parts of the substrate on which membrane 10 has been made, and which 

30 parts have locally not been etched away. The distance between successive 
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supporting structures is much greater than the distance between the 
elevations and the pores, and is, for instance, 100 micrometers. The 
elevations shown in Fig. 1 are on the upstream surface of membrane 10, 
that is, on a side opposite the side where supporting structure 32 is situated. 
5 Naturally, such supporting structures can also be provided in the 

downstream surface, or such upstream supporting structures can suffice. 

Fig. 3 shows in cross section a side view of a filter assembly. The 
assembly comprises a pair of clamping plates 40, 42, with filter plate 30 
between them. The assembly has an inlet 44 and an outlet 46 for supply and 

10 drain of liquid on opposite sides of the space between a first clamping plate 
40 and the upstream surface of filter plate 30. Clamping plates 40, 42 close 
off filter plate 30, such that at least substantially no liquid, and preferably 
no liquid at all, can leak past filter plate 30 between the spaces on opposite 
sides of filter plate 30 other than through the pores. Further, there is an 

15 outlet 48 for filtered liquid from the space between filter plate 30 and second 
clamping plate 42. The position of this outlet 48 is shown at a random point. 
One or more outlets 48 can in principle be connected anywhere to the space 
between filter plate 30 and second clamping plate 42, or second clamping 
plate 42 may be permeable to the liquid. 

20 In operation, the liquid to be filtered is supplied via inlet 44 to the 

space between first clamping plate 40 and filter plate 30 and drained for the 
most part via outlet 46. Thus arises a flow parallel to filter plate 30 in the 
space bounded by the upstream surface of filter plate 30 and first clamping 
plate 40. In addition, liquid is also drained from the downstream surface of 

25 filter plate 30. Accordingly, a part of the flow on the upstream surface leaks 
through pores 12, with particles that cannot flow through pores 12 being 
stopped. This leaking filtered flow is drained between second clamping plate 
42 and filter plate 30 and/or through openings in second clamping plate 42. 
Particles that cannot pass through the pores are discharged with the liquid 

30 via outlet 46. 
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Fig. 4 shows a filtering apparatus, provided with a supply vat 50 for 
liquid to be filtered, a circulation pump 52, a supply line 54, the filter 
assembly 56 shown in Fig. 3 (several of such assemblies may be included 
parallel to each other, but only one is shown) and a first drain line 58 and a 
5 second drain line 59. In operation, circulation pump 52 pumps liquid from 
supply vat 50 through supply line 54 to inlet 44 of filter assembly 56 and 
from outlet 46 of filter assembly 56 back to supply vat 50 via first drain line 
58. A purified part of the liquid flows through the pores in filter plate 30 and 
is subsequently drained via second drain line 59 for further use. Elevations 
10 14 have been provided to promote filter plate 30 needing to be cleaned less 
often. 

The pattern of unevennesses can be provided in a variety of forms, for 
instance in the form of ribs which extend further in a first, long direction 
than in a second direction transverse to the longitudinal direction, so that 

15 the width of the ribs in the second direction is of the order of the pore size, 
or in the form of "pimples" extending approximately equally far in all 
directions with a width which is of the order of the pore size. Combinations 
of ribs and pimples can be used as well. The ribs do not need to run straight 
and may be provided, for instance, in an angular pattern. But also a parallel 

20 pattern of ribs, transverse to the flow direction, is possible. This is expected 
to have an optimum effect. 

In principle, the elevations can have any height, but in one 
embodiment they have at least a height equal to the pore size, to make 
adhesion of particles greater than the pore size more difficult. It is preferred 

25 that the unevenness of the surface is such that around the majority of the 
pores 12 there are as few flat parts as possible that have a width of more 
than one pore size, or at least more than 2 to 4 pore sizes. The smaller the 
distance between the height variations, the greater the effect, but a small 
distance can adversely affect the number of pores. A minimum distance of 

30 for instance three pore sizes is a good alternative. In the case of small 



WO 2005/023404 PCT7NL2004/000623 

11 

distances between the elevations, the height is preferably smaller than one 
pore size, for instance from one-third of the pore size, to prevent particles 
having a dimension of slightly more than the pore size getting jammed 
between different elevations. Thus, for instance, with pores of 0.5 
5 micrometers, unevennesses having a height variation of 0.2 micrometers are 
provided at a distance of less than one pore size. 

In addition to the effect of the less strong adhesion and/or growth of 
particles on the surface, it is expected that also local bending of the flow 
running substantially parallel to the upstream surface of membrane 40 

10 results in an irregular flow pattern on the upstream side. Elevations 14 
cause local bending in the flow, and perhaps even turbulence in a wake 
behind each elevation 14, so that irregular flows arise at pores 12. These 
flows promote the removal of particles from the opening of pores 12, to 
subsequently entrain the particles with the flow. 

15 Especially large particles, which do not adhere strongly to the surface 

because of the unevennesses, will be readily entrained. Thus, pores 12 get 
clogged less fast than in the absence of elevations 14. By placing the pores 
on pimples, or in slots where a greater flow runs, the flow velocity at the 
pores is increased. 

20 The surface of filter plate 30 is preferably hierarchically structured in 

sieve fields of membrane surfaces, in which the sieve fields in turn are 
arranged in blocks. The arrangement is preferably of such a nature as to 
ensure that lines along which the filter plate is weak extend over a limited 
length. Thus the fracture strength of the filter plate is enhanced. 

25 Fig. 5 shows an example of the division into membrane surfaces 62, 66 

and sieve fields 60, 64. Membrane surfaces 62, 66 are for instance defined by 
selectively etching away the material from the substrate (for instance 
silicon), or from a layer grown onto membrane 10, only at the location of 
membrane surfaces 62, 66. Situated in membrane surfaces 62, 66 are the 

30 pores that are used for sieving the liquid. Thus, each membrane surface 62, 
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66 is surrounded by a supporting structure having a considerably greater 
thickness (for instance 100 micrometers or more, for instance 675 
micrometers) than the membrane in the membrane surface 62, 66. 
Accordingly, each membrane surface 62, 66 is thus a respective part of the 
5 total surface of the membrane, in which the active pores are situated. 

As shown, the membrane surfaces 62, 66 in this embodiment are 
preferably elongate in shape, having a length which is typically more' than 
ten times as long as the width of the membrane surface 62, 66. A membrane 
surface is for instance 2,500 micrometers long and 140 micrometers wide. 

10 The distance between successive membrane surfaces 62, 66 whose 
longitudinal directions run parallel to each other is for instance 
50-200 micrometers; over this distance the supporting structure is present 
(a wider or slightly smaller distance can also be used). The presence of the 
respective supporting structures between membrane surfaces 62, 66 of such 

15 a shape reduces the chance of fracture along a line of fracture transverse to 
the long axis of the membrane surfaces 62, 66. The direction along the long 
axis is weakest, so that the risk of fracture of the filter plate is greatest 
along the long axis. 

The risk of fracture can be still greater when using crystalline material 

20 as supporting structure. In the use of Silicon, for instance, preferably use is 
made of anisotropic etching in structuring the supporting structure (i.e. in 
etching away the supporting structure at the membrane surfaces). Use is 
then made of the fact that the etch rate in a direction perpendicular to 
particular crystal planes (e.g. {111} planes) is much lower than in other 

25 directions. This is preferably utilized to realize steep walls in the supporting 
structure, by arranging in any case for the edges of a membrane surface 62, 
66 in the longitudinal direction of that membrane surface 62, 66 to run 
parallel to the intersection of such crystal planes with the surface of the 
supporting structure that bounds the membrane layer. However, this 
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entails additional vulnerability to fracture along a line of fracture running 
parallel to the edges in the longitudinal direction. 

This problem holds to a lesser extent when using ceramic material in 
the supporting structure. Although in that case there are generally no 
5 fracture-sensitive crystal axes involved that extend over great lengths, here 
too susceptibility to fracture can be reduced by avoiding a large number of 
elongate membrane surfaces being placed in line with each other on the 
filter plate. 

As further shown, preferably use is made of a first and a second kind of 

10 membrane surface 62, 66, each having its own longitudinal direction, so that 
the longitudinal directions of membrane surfaces of different kinds mutually 
include an angle different from zero. These kinds of membrane surfaces are 
geographically so arranged on the filter plate that in a longitudinal direction 
of each kind of membrane surface on the filter plate, not exclusively 

15 membrane surfaces of the same kind are placed. Preferably, in a first 

longitudinal direction, between pairs of successive membrane surfaces 62, 
66 which are both arranged in that first longitudinal direction, in each case 
groups of membrane surfaces of a different kind are arranged, with a second 
longitudinal direction including an angle different from zero with the first 

20 longitudinal direction. Fig. 5 shows an embodiment of this. Fig. 5a shows an 
example of an alternative embodiment, where, however, less efficient use is 
made of the filter surface. 

Preferably, an angle of about 90 degrees between the longitudinal 
directions is used, for instance in a range between 45 and 135 degrees. If, for 

25 instance, the long edges of the membrane surfaces 62, 66 have been chosen 
as the lines of intersection of the two Silicon {111} planes perpendicular to 
the {110} surface, then an angle between the long sides of 109.47 degrees 
can be realized at manufacture in an advantageous manner. In practice, this 
may involve unsubstantial deviations of less than half a degree from this 

30 angle. Use is here made of a supporting structure which is etched from a 
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monocrystalline substrate, of which, the crystal axes have such an 
orientation that with anisotropic etching walls having an orientation 
virtually perpendicular to the surface of the membrane are formed. The 
advantage of such an orientation of the crystal axes is that holes of a small 
5 diameter can be etched through a substrate with a great depth. 

In the embodiment shown, in each case a plurality of membrane 
surfaces of the first kind 62 are included parallel to each other, thus forming 
a first kind of sieve field 60. A plurality of membrane surfaces of the second 
kind 66 are in each case included parallel to each other, thus forming a 
10 second kind of sieve field 64. These sieve fields 60, 64 are indicated in the 
figure with broken lines because they constitute organizational units; 
however, these broken fines do not correspond specifically with any material 
present. Sieve fields 60, 64 are each generally in the shape of a 
parallelogram within which a plurality of membrane surfaces are included 
parallel to each other, running from one edge of the parallelogram to the 
other. In the design chosen, the angle between the edges of the 
parallelogram is half of the angle between the long directions of the 
different kinds of membrane surface (54.74 degrees in the case of Silicon 
etched along the {111} surface). 

Through this arrangement, efficient use is made of the surface of the 
filter plate, while at the same time it is ensured that each membrane 
surface, in the prolongation of its longitudinal direction, is situated virtually 
exclusively next to a membrane surface having a different longitudinal 
direction. This prevents the formation of potential fracture lines continuing 
beyond a single membrane surface. 

Fig. 6 shows a filter plate 70 in which the sieve fields are arranged in 
blocks 72 each comprising a matrix of twelve sieve fields, six of the first kind 
and six of the second kind. For the sake of clarity, the depicted number of 
blocks 72 on the filter plate is smaller than in reality, and only a few blocks 
are shown in more detail. Each block 72 has, for instance, a size of 11x9 mm. 
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The blocks are arranged in parallel rows, the blocks in successive rows being 
staggered with respect to each other. Between the rows of blocks 72, spaces 
are left clear, in which supporting structure is present to support the filter 
plate with supporting beams in the form of ridges or with other protrusions 
5 on the clamping plates. These spaces are each, for instance, approximately 
2,000 micrometers wide. A larger space is possible and provides better 
support, but is at the expense of the yield of the sieve. A smaller space is 
also possible, as long as there is sufficient space to reliably receive the 
protrusions of the clamping plate. Also within the blocks, between different 

10 sieve fields, spaces can be left clear in which supporting structure is present. 
While the pitch with which successive membrane surfaces repeat 
themselves within a sieve field transverse to the long direction is for 
instance 230 micrometers, the distance between membrane surfaces of 
successive sieve fields is, for instance, 448 micrometers, and the distance 

15 between membrane surfaces of different sieve fields with different 
orientation 116 micrometers. 

In use, the liquid flow is preferably guided at such an angle relative to 
the long direction of the edge of the membrane surfaces that this angle is 
the same for both kinds of membrane surfaces 62, 66. Thus, the two kinds of 

20 surfaces become soiled equally fast, which simplifies maintenance. As the 
angle between the approach direction and the longitudinal direction of the 
membrane surfaces is different from zero in both cases, the chance of 
fracture is prevented. Preferably, the approach direction is not 
perpendicular to the longitudinal direction. This also reduces the chance of 

25 fracture and promotes the flow over the membrane surfaces. 

Further, the fracture and/or deformation strength of the filter is 
enhanced by the use of two kinds of elongate membrane surfaces, in each 
case with supporting structures around them, with the long axes of the 
different kinds of membrane surfaces being at an angle relative to each 

30 other. The fracture strength is also enhanced by arranging the membrane 
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surfaces in sieve fields such that membrane surfaces of the same kind are at 
least virtually never situated in line with each other. By arranging the 
support of the filter plate by the clamping plates (between the rows of 
blocks) to be not parallel or perpendicular to either of the two directions of 
5 the structures, the filter plate will be stronger than when the support is 
arranged to be parallel or perpendicular. 

It will be clear that the embodiment shown of the arrangement of 
membrane surfaces is only an example of an arrangement which realizes 
these advantages and at the same time enables a high density of membrane 

10 surfaces. Such supporting structures can moreover be realized on the 
downstream and/or the upstream side of the filter plate. 

The strength of the filter plate, besides being determined by the 
described considerations in the placement of the membrane surfaces on the 
filter plate and the resultant location of the supporting structure, is partly 

15 determined by the local shape of this structure, imposed by the method used 
for removing the substrate material under a membrane surface. Preferably, 
a shape is aimed for in which sharp angles are prevented as much as 
possible, so that stress concentrations upon bending remain limited. This 
can be obtained by the use of rounding off of the patterns in the 

20 photolithographic mask, which may or may not be combined with a choice of 
an etching process which is isotropic at least in the plane of etching 
progress. 

A further risk of fracture can arise as a result of angles in the 
supporting structure. The supporting structure is structured by etching 
25 away a layer on which the membrane lies, at the location of the membrane 
surfaces. This is preferably done with anisotropic etching (preferably wet 
anisotropic etching), whereby particular crystal surfaces are not, or hardly, 
etched away (or solely from the edge). When etching a supporting structure 
from the surface opposite the surface on which the membrane lies, wet 
anisotropic etching has the advantage that etching practically does not 



WO 2005/023404 



17 



PCT/NL2004/000623 



undermine a pattern in the masking layer, which makes it possible to make 
fairly narrow structures (for instance 50-150 micrometers wide), also when 
holes are being etched in a fairly thick supporting structure of a thickness 
of, for instance, 100-200 micrometers, or even 600 micrometers or more. 
5 When etching a supporting structure through the pores from the surface on 
which the membrane lies, wet anisotropic etching has the advantage that 
the support of the membrane is minimally undermined. 

For instance, use can be made of etching with KOH, with which {111} 
surfaces of Silicon are not, or hardly, etched away or solely from the edge. In 

10 this way, if the membrane is on a {110} surface, practically vertical walls 
through the supporting structure can be realized. 

In anisotropic etching, however, angles between different crystal 
surfaces arise which axe not, or hardly, etched away or solely from the edge. 
It has been found that these angles can be a source of stress that contributes 

15 to a decrease of the fracture strength of the filter plate. In one embodiment, 
the wet anisotropic etching step with which the supporting structure is 
formed is followed by an isotropic etching step, with which in particular an 
angle between crystal surfaces that has arisen as a result of anisotropic 
etching is rounded off. By rounding off this angle, the fracture strength of 

20 the filter plate is increased. 

For instance, wet anisotropic etching is done for a time which has been 
chosen to make from the rear (a beginning of) holes in the supporting 
structure opposite the membrane surfaces ( r rear f here means from the 
surface of the supporting structure that is situated opposite the surface on 

25 which the membrane lies). This step is followed by an isotropic etching step 
(for instance with a mixture of HN03 and HF as etchant) for a much shorter 
etching time for rounding off the angles. After this, in turn, a wet 
anisotropic etching step can be performed, now through the pores of the 
membrane (after these have been laid bare). This step is again followed by 

30 an isotropic etching step (for instance with a mixture of HN03 and HF as 
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etchant) for a short time for rounding off the angles. The required time 
durations are chosen depending on temperature, etchant, amount of 
material to be etched away, and so forth. 

The point here is that an anisotropic etching step is followed by an 
5 isotropic etching step whereby angles are rounded off that would not be 
rounded off in the eventual filter plate in the absence of that isotropic 
etching step. 

If for instance by the use of anisotropic etching methods in crystalline 
materials sharp angles arise, then these sharp angles can be rounded off by 
10 the use of an extra isotropic etching step successive to the first anisotropic 
etching step, so that roundings of a curvature radius of at least 2 
micrometers are obtained. The filter plates manufactured with such an 
additional etching step exhibit a clear increase of strength. 

Fig. 7 schematically shows a side view of an embodiment of a clamping 
15 plate construction. In this construction, clamping plate 40 in turn is 

clamped against a wall plate 86, separated from the clamping plate by a 
packing 87. Through external supply and drain openings 44, 46 a cross-flow 
of liquid to be filtered is supplied to and drained from a space between 
clamping plate 40 and wall plate 86. The proportions in Fig. 7 are not on 
20 scale. For instance, the distance between clamping plate 40 and filter plate 
30 is drawn exaggeratedly large. 

Fig. 8 shows an example of a clamping plate 40 which can be used in 
this embodiment, in bottom view. Clamping plate 40 has a diameter which 
is greater than the diameter of filter plate 30. Clamping plate 40 is provided 
with supply openings 81 and drain openings 82, to allow liquid to flow from 
the space between wall plate 86 and clamping plate 40 to the space between 
clamping plate 40 and filter plate 30, and the other way around. Clamping 
plate 40 preferably contains at least one supply opening 81 and at least one 
drain opening 82 for each row of blocks 72 from filter plate 30 (not shown). 
Opposite the supporting structures between successive rows of blocks 72, 
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clamping plate 40 preferably contains ridges 83 or series of isolated 
protrusions serving as points of support by which clamping plate 40 
supports filter plate 30. In an embodiment, use is made of a flexible packing 
between the filter plate and the ridges 83 or series of isolated protrusions. A 
5 supply or drain opening 81, 82 in the clamping plate thus serves in each 
case one row of blocks 72. In an embodiment, a pattern of protruding ridges 
83 is provided in clamping plate 30, thus forming mutually separated 
chambers above respective rows of blocks. 

The supply openings 81 are preferably so positioned as to avoid all 

10 supply openings 81 being in a row. The same preferably holds for the drain 
openings 82. Preferably, no three supply openings 81 for successive rows of 
blocks 72 are in one line. This, too, preferably holds for the drain openings 
82 as well. More preferably, what is avoided is that supply openings 81 for 
successive rows of blocks are positioned relative to each other in an 

15 imaginary line corresponding to a direction of minimal fracture strength of 
the filter plate (in particular one of the longitudinal directions of the 
membrane surfaces). This, too, preferably holds for the drain openings 82 as 
well. 

The orientation of the filter plate 30 relative to the liquid flow (and the 
20 associated support by clamping plate 40) is such that both longitudinal 

directions of the respective kinds of membrane surfaces make approximately 
the same angle with the liquid flow. As a result, the risk of fracture along 
fracture lines extending in the longitudinal directions is minimized. In the 
embodiment shown, this is realized in that the liquid flow runs in the 
25 direction along a row of blocks 72. 

The supply and/or drain openings 81, 82 with which liquid in the 
filtering apparatus is guided from and to the upstream surface are 
preferably not oriented completely perpendicularly to the surface of the 
filter plate. 
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Fig. 9 shows a detail of an embodiment of a supply opening 81 in 
clamping plate 40. Supply opening 81 in this embodiment extends at an 
angle relative to the normal to the surface of filter plate 30. This angle with 
the normal is for instance greater than 10 degrees, preferably 30 degrees, or 
5 in a range between 10 and 45 degrees. The angle provides that the liquid 
approaches filter plate 30 at an angle. This reduces the chance of fracture in 
that there is less local pressure build-up. The drain openings 82 are 
preferably positioned at an angle as well. In another embodiment, the 
supply and/or drain openings 82 can be positioned perpendicularly to the 

10 filter plate 30 if there is no objectionable risk of fracture at that point. The 
supply and drain openings 81, 82 are preferably positioned not directly 
above membranes but, for instance, above the supporting structure, to 
reduce the chance of fracture. 

The clamping plate 42 on the drain side of the filter construction is 

15 preferably provided with drain holes each situated opposite a respective 
block 72. Thus, the filtered liquid can drain with minimal hindrance. Also 
clamping plate 42 is preferably provided with supporting ridges or series of 
isolated protrusions which serve as points of support and are situated 
between rows of blocks 72. Although clamping plate 40 and clamping plate 

20 42 are respectively drawn above and under the filter plate, it will be clear 
that in use these plates can be situated in any direction: under it and above 
it, next to it, etc. Accordingly, in the context of this application, the term 
"supporting" does not mean supporting against gravity, but means 
supporting against a force which is exerted on the filter plate, for instance 

25 by liquid pressure. 

The filter plate, if it is positioned between the two clamping plates, is 
preferably laid as closely as possible against the supporting ridges or series 
of isolated protrusions which serve as points of support on the clamping 
plates. The filter plate is preferably fixed between the clamping plates by 

30 means of a flexible packing. 
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It will be clear that the use of the membrane surfaces and the 
arrangement of these surfaces on the filter plate can also be used 
independently of the use of purposely provided height variations in the 
membrane. Conversely, the use of purposely provided height variations can 
5 also be used with other kinds of supporting structure. The purposely 
provided height variations have much smaller dimensions and pitch 
distances than the supporting structures and influence the flow only locally. 

Although the invention has been described for an application in which 
material is filtered from a liquid, it is to be understood that also other 

10 applications are possible. The invention is for instance also applicable in 
emulsification applications, in which material is added to a cross-flow by 
passing it through the pores. Thus, for instance, larger particles with 
diameters having a limited distribution are added to the cross-flow. In this 
case, the flow direction through the pores is the other way around compared 

15 with the flow direction in the application where material is removed. The 
plate having therein the membranes with the pores is herein designated as 
filter plate for both applications. The invention is also applicable in cases 
where, in addition to or instead of liquids, gases are used. 



